Purpose: In this prospective, multicenter, 14-day inception cohort study, we investigated the epidemiology, patterns of infections, and outcome in patients admitted to the intensive care unit (ICU) as a result of severe acute respiratory infections (SARIs).
Introduction
Recent outbreaks of severe acute respiratory syndrome (SARS) and H1N1 influenza infection [1] [2] [3] [4] have stimulated an interest in the surveillance of patients with severe acute respiratory infection (SARI), defined by the World Health Organization as an acute respiratory illness of recent onset (within 7 days) that includes fever (≥38 °C), cough, and dyspnea requiring overnight hospitalization [5] . Whereas this definition of SARI may prove practical for surveillance systems, it provides little information for intensive care physicians regarding the nature of infections, the spectrum of severity, or the diagnostic and treatment strategies used for the subset of these patients that ultimately requires intensive care unit (ICU) admission. Indeed, only a subset of the patients with SARI will require ICU admission for oxygen therapy or mechanical ventilation; a smaller subset will develop acute respiratory distress syndrome and sepsis and an even smaller proportion will require adjunctive treatments [6] [7] [8] .
Obtaining accurate information on the epidemiology of critically ill patients with SARI and how these patients are currently diagnosed and treated should help intensive care practitioners to understand the factors associated with progression from acute respiratory infection to more severe critical illness. Such information may also help identify high-risk populations and guide healthcare providers in resource allocation. It is also required to identify patients for future interventional studies and provide a framework to facilitate a rapid response of the ICU community to emerging epidemics.
We conducted a prospective, observational, inception cohort study to investigate the epidemiology and microbiological profiles of ICU-SARI, to document commonly used treatment and monitoring strategies, to measure current outcomes, and to identify risk factors for poor outcome in these patients.
Methods
The Intensive Care Global Study on Severe Acute Respiratory Infection (IC-GLOSSARI) study group was an initiative of the Trials Group of the European Society of Intensive Care Medicine (ESICM-TG). Participation was entirely voluntary, with no financial incentive. Institutional review board approval was obtained by the participating institutions according to local ethical regulations. Informed consent was not required because of the observational and anonymous nature of the data collection. A steering committee
Data collection
Data were collected in individual centers on paper case record forms (CRFs) and were then transcribed by local investigators into a secure Internet-based platform. A minimal data set was recorded for all adult patients admitted to the participating ICUs during the two study weeks. This included the type of admission (surgical or not), use of mechanical ventilation on admission to the ICU and during the ICU stay, the ICU length of stay, and the ICU mortality. In patients with SARI, data collection on admission included demographic data, comorbid diseases, and the presenting signs and symptoms. Clinical and laboratory data to calculate the SAPS II score [11] were recorded as the worst values within 24 h after admission. Microbiologic and clinical infections were recorded daily as were the antibiotics administered. Organ function was evaluated daily using the SOFA score [12] . The daily data collection was performed for 28 days following admission to the ICU or until ICU discharge or death.
Data management and quality control
Detailed instructions were available for all participants before starting data collection and throughout the study period. Plausibility checks were performed for each variable and between variables. Data were further reviewed by the primary investigator (YS) for plausibility and availability of outcome parameters, and any doubts were clarified with the center in question. Any file with more than 20 % missing data was excluded from the study. The reliability of data collection was further analyzed using Kappa statistics on a randomly selected 2 % of the collected comorbidity and mortality data. Discordance was clarified through direct contact with the investigators and corrected in the final database. The Kappa coefficient ranged from 0.84 to 1.00 denoting very good agreement between collected data and the randomly recollected sample.
For single missing values of the SOFA score, the mean value of the results on either side of the absent result was imputed. When first or last values were missing, the nearest value was carried backward or forward, respectively. When more than one consecutive result was missing, it was considered as a missing value in the analysis. Missing data represented 6.7 % of the collected data and 1.5 % were replaced.
Outcome parameters
The primary outcome parameter in patients with SARI was in-hospital mortality within 60 days of admission to the ICU. Secondary outcome parameters included death in the ICU, ICU and hospital lengths of stay, and organ failure as assessed by the SOFA score. Data are given as means with standard deviation, medians, and interquartile ranges (IQR), or numbers and percentages (n, %). All statistics were two-tailed and a p value less than 0.05 was considered as significant.
Statistical analyses

Results
Characteristics of study cohort
A total of 206 ICUs from 42 countries contributed to the study, mostly located in Western Europe (66.5 %, n = 137) (Table E3 ). During the study periods, 5550 patients were admitted to these units ( Fig. 1) . A total of 663 (11.9 %) patients were admitted because of SARI; 364 in the first and 299 in the second inclusion periods. The epidemiology of SARI in the different geographic regions is presented in Table E4 .
SARI admissions were more likely to be non-surgical and to require mechanical ventilation on admission to the ICU and at any time during the ICU stay than those who were admitted for reasons other than SARI (Table E5) .
The characteristics of patients with SARI on admission to the ICU are presented in Table 1 ; these admissions were most commonly community-acquired (68.8 %). The most common comorbidities in the these patients were systemic hypertension (51.3 %) and chronic obstructive pulmonary disease (COPD, 31.1 %) (Table E6) .
Clinical manifestations, patterns of infection, and antimicrobial therapy in SARI patients
The first symptoms occurred at a median of 2 days (IQR 0-4) before admission to the ICU, most commonly dyspnea (92.8 %), cough (75.3 %), and fever (64.7 %). Less common symptoms included headache (18.3 %) , nausea and vomiting (17.4 %) , and diarrhea (7.3 %) . A history of recent foreign travel was reported by 27 patients (4.1 %).
Prior antimicrobial therapy was initiated in 378 patients (57.0 %) (Table E7 ) and in 611 patients (96.5 %) a new antimicrobial agent was started on admission to the ICU, mostly empirically (88.6 %). The initial antimicrobial therapy was adequate in 80.6 % of cases. The antimicrobial regimen was changed in 209 patients (31.5 %) because of clinical deterioration (45.2 %), culture results (34.8 %) , or in the context of de-escalation of therapy (19.9 %) . Concomitant antimicrobials were used in 130 patients (19.6) for indications other than treatment of SARI.
Specimens were obtained for microbiological examination in 596 (89.9) patients and were positive for microorganisms in 62.7 % of patients (Table E8) . Microbiological investigation on admission to the ICU revealed predominantly Gram-positive (29.6 %) or Gram-negative bacteria (26.2 %) but rarely atypical bacteria (1.0 %); 7.7 % of the microorganisms isolated on admission were viruses (Table 2) . Overall, the most frequently isolated Grampositive bacteria was Streptococcus pneumoniae (12.7 %) ; the most frequently isolated Gram-negative microorganism was Pseudomonas aeruginosa (14.4 %) . Viruses were isolated in 13.7 % of positive cultures, atypical bacteria in 2.9 %, and fungi in 27.6 % of cases. In patients with hospital-acquired SARI, Gram-negative microorganisms (33.3 vs. 26 .5 %, p = 0.002) and fungi (29.5 vs. 12 .8 %, p = 0.001) were more frequently and viral infections less frequently (3.9 vs. 9.9 %, p = 0.006) isolated than in patients with community-acquired SARI (Fig. 2) .
Morbidity and mortality
Organ failure was present on admission to the ICU in 427 (64.4 %) of the patients with SARI and occurred during the entire ICU stay in 495 (74.7 %). Respiratory, cardiovascular, and renal failures were the most common organ failures ( Table 3 ). The ICU and hospital mortality rates were 20.2 and 27.2 %, respectively.
The overall ICU mortality in all patients admitted to the contributing centers (n = 5550) was 13.1 % and the median ICU stay was 3 (IQR 2-8) days. Patients with SARI had higher ICU mortality (20.2 vs. 12.2 %, p < 0.001) and longer ICU lengths of stay [5 (2-12) vs. 3 (2) (3) (4) (5) (6) (7) (8) ] days, p < 0.001) than those without SARI (Table E5) .
Survivors were younger, more likely to be female, less likely to be admitted to the ICU from a hospital ward, had lower severity scores on admission to the ICU, and had a lower incidence of organ failure during the ICU stay (Tables E9, E10 ) than non-survivors. Survivors were more likely to have received pneumococcal or influenza vaccines than non-survivors. Arrhythmias, chronic renal failure, cancer, asthma, hematologic malignancies, organ or bone marrow transplantation, liver disease, immunosuppression, or chemotherapy prior to ICU admission were more frequent in non-survivors than in survivors (Table E7 ). The most common primary causes of in-hospital death were multiorgan failure (43.6 %) and pneumonia (31.9 %) (Table E11) .
In multivariable analysis, older age, greater severity scores on admission to the ICU, hematologic malignancy, and liver disease were independently associated with an increased risk of in-hospital death. Influenza vaccination prior to ICU admission, and adequate antibiotic administration on admission to the ICU were associated with a lower risk of in-hospital death (Table E2 ).
Discussion
The main findings of our study were that (1) SARI was a common cause of admission to the ICU and was associated with considerable morbidity and high mortality rates; (2) these infections were predominantly due to Gram-positive or Gram-negative bacteria and rarely due to atypical bacteria or viruses; and (3) vaccination and adequate initial antibiotic administration were associated with a lower risk. Repeated outbreaks of SARI-related epidemics represent a major healthcare problem [1] [2] [3] [4] . Several studies have investigated the epidemiology and clinical characteristics of SARI, with a special emphasis on viral etiology [13] [14] [15] [16] [17] or on the subset of patients admitted to the ICU with severe community-acquired pneumonia [17] [18] [19] [20] [21] [22] . To the best of our knowledge, our study is the first to investigate this issue in a large prospective, multinational cohort of critically ill patients with SARI, providing a global view of this condition worldwide.
One in ten patients with SARI was treated empirically without any microbiologic sampling. Increased awareness of sepsis should be expected to improve compliance with early microbiologic sampling [23] . Nevertheless, the low index of suspicion in the absence of an ongoing epidemic may explain the relatively low rate of investigations aimed at detecting a viral etiology. In agreement with previous large epidemiologic Step-down/-up 14 (2. 
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Despite the relatively small number of microbiological investigations performed, antimicrobial agents were used generously in our cohort. Interestingly, antiviral and antifungal agents were initiated without microbiological evidence of these microorganisms in 6.9 and 4.0 % of cases, respectively. The relatively high incidence of comorbid conditions in our cohort, especially those related to immunosuppression, and the high predominance of lifethreatening organ failure in these patients may explain the high use of antimicrobial agents.
The most commonly identified microorganisms were Gram-positive and Gram-negative bacteria. The reported microorganisms may have included, however, some nonpathogenic organisms that are not responsible for SARI. Interestingly, atypical microorganisms were less frequently identified. This observation raises questions regarding the frequent empirical use of macrolides in these patients. However, macrolides have been reported to have additional benefits in patients with community-acquired pneumonia, irrespective of their antimicrobial effects [27] . Moreover, diagnosis of infections with atypical bacteria is a considerable challenge, such that the occurrence of these infections may be underestimated [28] .
Community-acquired infections were common in our cohort, explaining the frequent occurrence of infections with S. pneumoniae. The patterns of microbiologic isolates in our study may be useful to guide empirical antimicrobial therapy in patients with ICU-SARI. Although fungi were frequently isolated, only a small proportion of these patients received antifungal agents. This finding supports the common perception that fungal etiologies may not be relevant in all critically ill patients with respiratory infections [29] .
Our data underscore the poor prognosis of critically ill patients with SARI. These patients had considerably higher mortality rates and longer lengths of stay compared to patients without SARI. The in-hospital mortality rate in our cohort was similar to rates reported in patients with severe community-acquired pneumonia in previous studies [17, 20, 30] . This can be explained by the frequent occurrence of organ failure in these patients.
We identified several risk factors for in-hospital mortality in the current cohort. These patterns may be useful in identifying patients at risk of poor prognosis. In agreement with the results of a meta-analysis of 70 large observational studies including 21,338 patients with sepsis [31] , we found that adequate initial antibiotic administration was protective in terms of low risk of in-hospital death. This supports the early rigorous empiric use of wide-spectrum antibiotics in these patients, pending the results of microbiological investigations. Nonetheless, since the definition of appropriate antibiotic administration in the current study was based on both positive microbiologic isolates and clinical improvement, we cannot exclude a possible bias in patients who were judged only on the basis of clinical improvement.
Interestingly, prior seasonal influenza vaccination was independently associated with a favorable in-hospital outcome. Ortiz and collaborators [32] Limitation of therapy in-hospital, n (%) DNR 72 (11.9) WH/WD 57 (9.4) about 28,000 adults are hospitalized for influenza-associated critical illness in the USA annually. A recent biasadjusted meta-analysis [33] confirmed that influenza vaccine was effective in preventing hospitalization from influenza and/or pneumonia and all-cause mortality in community-dwelling elderly. However, the evidence to support risk factors for influenza-related complications is still low and adequately powered studies are needed to address this issue [34, 35] . The study had several limitations. First, participation was voluntary and was concentrated in some countries in Western Europe, so that the results in this report may not be extrapolated to all ICU patients worldwide. Second, regional and seasonal differences may also occur and cannot be captured from our data. Third, some of the reported microorganisms may have represented respiratory colonization rather than infection. Fourth, the definitions of infection were not based on only the presence of microorganisms and we did not differentiate between possible and probable clinical infections. Nonetheless, defining infection according to the isolation of a pathogenic microorganism may also be subject to a certain bias because of possible interference from prior antibiotic administration, availability and the diagnostic performance of the serologic tests, and local practice concerning microbiologic investigations. Fifth, our data may not be extrapolated to all hospitalized patients with SARI. Finally, the study was purely observational and we did not apply standard protocols for diagnosis and therapy in patients with SARI; however, our aim was to report current practice in these patients.
Conclusions
SARI is a common cause of admission to the ICU and has associated high morbidity and mortality rates. Our data describe the current patterns of infections and therapy of this serious healthcare problem. This information may be particularly useful in resource allocation and risk stratification for clinical and research purposes.
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